INTRODUCTION
Although the 5-year survival for younger patients with acute myelogenous leukemia (AML) increased significantly from 11.9% in 1975 to 52.1% in 2002, survival for patients Ն 50 years of age only increased from 4.3% to 11.3% during the same period. 1 More recent data, which showed a 5-year survival of 5.1% for patients Ն 65 years of age did not change between 1999 and 2006, confirmed the continued clinical challenge in these patients. 2 In addition to a generally poorer performance status, older patients with AML tend to have disease marked by unfavorable cytogenetics, which lowers the chance of achieving the durable complete remissions (CRs) needed for long-term survival. 3 Older patients with AML also have the added burden of comorbidities that increase their risk of death during induction.
No currently available treatment option for older patients with relapsed and refractory AML has demonstrated a survival advantage over any other. Most randomized clinical trials in patients with relapsed or refractory AML have included younger patients (Ͻ 55 years old), and in these studies, no overall survival (OS) improvement has been demonstrated. [4] [5] [6] [7] [8] [9] [10] [11] Hematopoietic stem-cell transplantation (HSCT) after remission induction in this setting may lead to long-term remissions or cure. Fortunately, HSCT has increasingly become an option for older patients through the JOURNAL OF CLINICAL ONCOLOGY availability of reduced-intensity conditioning regimens. 12, 13 Currently, there is no standard of care for these patients, and enrollment onto clinical trials is recommended. 14, 15 Clofarabine(2-chloro-9-[2-deoxy-2-fluoro-b-D-arabinofuranosyl] adenine) is a second-generation deoxyadenosine analog rationally synthesized to take advantage of the cytotoxic characteristics of fludarabine and cladribine while reducing the potential for doselimiting toxicity. 16 After experiments in myeloid-derived cells, which demonstrated the synergistic cytotoxic activity of clofarabine and cytarabine (Ara-C), 17 a phase I/II study showed that this combination was safe and active in adult patients with relapsed and refractory acute leukemias, primarily AML. 18 Other phase I/II studies have shown the feasibility of the clofarabine and Ara-C combination in various populations including first-line AML, 19 R/R AML, [20] [21] [22] and myelodysplastic syndrome.
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To follow-up on the phase I/II study, 18 we conducted the CLASSIC I (Clofarabine and Ara-C Studying Survival via Induction and Consolidation) study. This phase III, randomized, double-blind, placebo-controlled trial compared clofarabine plus Ara-C (CloϩAra-C arm) with a placebo plus Ara-C (Ara-C arm) in patients Ն 55 years old with refractory or relapsed AML. The primary end point of this study was OS.
PATIENTS AND METHODS

Patient Criteria
Patients Ն 55 years of age with refractory or relapsed (Ն5% leukemic blasts in the bone marrow) AML, after no more than two previous induction regimens, were eligible to participate in the study. A blinded confirmation of AML diagnosis was made (with prerandomization specimens) by a central laboratory. Additional major inclusion criteria included Eastern Cooperative Oncology Group performance status (ECOG PS) of 0, 1, or 2, adequate renal (estimated glomerular filtration rate Ն 60 mL/min/1.73 m 2 per modification of diet in renal disease [MDRD] equation) and hepatic (serum bilirubin Յ 1.5ϫ the upper limit of normal; AST, ALT, and alkaline phosphatase Յ 2.5ϫ the upper limit of normal) functions. Major exclusion criteria included previous clofarabine or intermediate-or high-dose Ara-C treatment (unless the total duration of remission [DOR] after the most recent Ara-C-containing regimen exceeded 6 months, and the DOR after the last day of exposure to intermediate or high-dose Ara-C exceeded 3 months), a previous HSCT within 3 months of study entry, the presence of grade 2 or higher acute graft versus host disease (GvHD) or moderate to severe chronic graft versus host disease.
The institutional review boards of participating institutions approved the study. All patients gave written informed consent according to institutional guidelines.
Treatment Plan and Evaluations
After screening and eligibility assessment, patients were randomly assigned in an 1:1 ratio by using an interactive voice-response system to receive either CloϩAra-C or a placebo plus Ara-C. Randomization stratified by the DOR after the first prestudy induction regimen was categorized as follows: primary refractory disease or first pretrial induction remission (CR1) duration less than 6 months (REF) or relapse after CR1 duration Ն 6 months (REL).
Clofarabine 40 mg/m 2 or placebo was administered as a 1-hour intravenous infusion, which was followed 3 hours from the end of infusion by Ara-C 1 g/m 2 administered as a 2-hour intravenous infusion. Patients who achieved remission after their induction cycle could receive a single (optional) consolidation cycle; patients who did not achieve remission after induction but who demonstrated hematologic improvement could receive a reinduction cycle followed by a single (optional) consolidation cycle. The use of prophylactic antibacterial, antifungal, and antiviral agents was recommended according to institutional guidelines.
Response Criteria
International Working Group criteria 24 were used to determine response. CR was defined as recovery to normal hematopoiesis with and absolute neutrophil count Ն 1.0 ϫ 10 9 /L and a platelet count Ն 100 ϫ 10 9 /L and normalization of marrow blasts (Ͻ 5%). CR with incomplete peripheral blood count recovery (CRi) was defined as meeting all criteria for CR but failing to meet Patients randomly assigned (n = 326) either platelet or absolute neutrophil count recovery. Patients who achieved overall remission (CR or CRi) had follow-up bone marrow assessments or peripheral blood smears until documentation of disease recurrence or death; patients who experienced disease recurrence or who never achieved remission were followed for survival. Patients who did not achieve CR or CRi during induction or reinduction were considered treatment failures. Response was assessed by an Independentresponse review panel (IRRP); these results were used in formal analyses of the overall remission rate (ORR ϭ CR ϩ CRi), DOR, disease-free survival (DFS), and event-free survival (EFS), but not in patient treatment decisions.
Statistical Analysis
The primary end point was OS, which was defined as the time from random assignment to the date of death as a result of any cause. The total follow-up in the study was end-point driven (until 260 deaths occurred) and was designed to achieve 90% power to detect a statistically significant improvement in OS (assumed median survival, 8.25 and 5.5 months in the CloϩAra-C and Ara-C arms, respectively). The time-to-event analysis compared treatment arms by using a stratified log-rank test with durations of first remission as strata. The primary analysis was assessed for statistical significance with a two-sided significance level of 0.05. Secondary end points included EFS, 4-month EFS, ORR, DFS, DOR, and safety.
An independent data monitoring committee (DMC) assessed serious adverse events (SAEs) every 3 months and full safety results (SAEs and nonserious adverse events [AEs] and laboratory findings) every 6 months. The DMC also performed a single efficacy interim analysis when approximately one half of the planned number of events (deaths) had been reported. At this efficacy interim analysis, the DMC could have recommended early termination of the trial as a result of oustanding efficacy (P Ͻ .0031) or futility (P Ͼ .8461); the DMC recommended continuing the trial without modification. Trial modifications or termination by the DMC at any time as a result of safety concerns was permitted; no such recommendations were made.
End Point Definitions
OS (ie, months from random assignment to the time of death or date last known to be alive) and EFS (ie, months from randomization to the time of treatment failure, relapse, death, or date last known to be alive and in remission) analyses were performed for all randomly assigned patients with centrally confirmed AML. OS and EFS data were not censored for the initiation of alternative antileukemic therapy, including HSCT. DFS (ie, the time from IRRP documented remission to the time of death or relapse), and DOR (ie, the time from documented remission to the time of death, relapse, or initiation of alternative antileukemic therapy while in remission) were evaluated for all patients with an overall remission (OR). The administration of subsequent therapy, including off-protocol reinduction, consolidation, and HSCT were censored for DOR but not the primary analysis of OS.
RESULTS
Patient Characteristics
Of326patientsenrolledat57sites(44patientsinNorthAmericaand 13 patients in Europe), 163 patients were randomly assigned to each treatment arm (Fig 1) between September 2006 and November 2009. Six patients (one patient in the CloϩAra-C arm; five patients in the Ara-C arm) were excluded from the efficacy and safety analyses because their baseline AML diagnosis was not centrally confirmed. In addition, four patients (one patient in the CloϩAra-C arm; three patients in the Ara-C arm) did not receive any study treatment and were also excluded from the safety analysis (consent withdrawal [n ϭ 2], one patient in each arm; ineligible [n ϭ 1], and herpes zoster infection [n ϭ 1]).
Patient demographics and baseline disease characteristics were balanced between treatment arms, with the exception of the karyotype category of unfavorable/other abnormalities and ECOG PS 2 (Table 1) . A median of one cycle was completed in each arm. Among patients who initiated a second cycle (n ϭ 94), 11 CloϩAra-C patients (6.8%) versus 19 Ara-C patients (12.3%) initiated the second cycle as reinduction, whereas 39 CloϩAra-C patients (24.2%) versus 25 Ara-C patients (16.1%) initiated the second cycle as consolidation. Less than 3% of patients in either arm initiated a third cycle as consolidation after reinduction (1.9% of patients in the CloϩAra-C arm; 2.6% of patients in the Ara-C arm).
OS
Among the 320 patients with centrally confirmed AML (162 CloϩAra-C patients; 158 Ara-C patients), the median OS was 6.6 months in the CloϩAra-C arm and 6.3 months in the Ara-C arm (P ϭ 1.00; hazard ratio [HR], 1.00; 95% CI, 0.78 to 1.28; Fig 2A) with a median follow-up of 5.9 months (range, 0.03 to 43.32 months) and 6.4 months (range, 0.07 to 30.26 months), respectively. The effect of clofarabine on OS did not achieve statistical significance in either randomization stratum (Fig 2B) . In the REF stratum, the median OS was 5.1 months for the CloϩAra-C arm and 5.5 months for the Ara-C arm (P ϭ .47, HR, 1.13; 95% CI, 0.81 to Abbreviations: Ara-C, cytarabine; CBF, core binding factor; CloϩAra-C, clofarabine plus cytarabine; ECOG, Eastern Cooperative Oncology Group; IVRS, interactive voice-response system; REF, primary refractory disease or first pretrial induction remission duration Ͻ 6 months; REL, first pretrial induction remission duration Ն 6 months.
‫ء‬
All women were postmenopausal or surgically sterile. †Contains abnormalities of chromosome 16 such as ͓inv16(p13;q22) or t(16;16)(p13;q22)͔ as well as t(8;21)(q22;q22). CBF also contains one patient with a t(15;17)(q22;q12) in the Clo ϩ Ara-C arm.
1.57). In the REL stratum, the median OS was 8.7 months in the CloϩAra-C arm and 7.2 months in the Ara-C arm (P ϭ .40; HR, 0.85; 95% CI, 0.58 to 1.24). OS subarm comparisons yielded similar results to the overall population (data not shown).
Response Assessed by IRRP
Overall response (46.9% v 22.9%; P Ͻ .01) and CR rates (35.2% v 17.8%; P Ͻ .01) were significantly higher for CloϩAra-C compared with Ara-C for the overall population and the two randomization strata (Table 2 ). An evaluation of ORR by a duration of pretrial CR1 Ն 12 months, presence of FLT3 mutation, and post hoc calculation of CRF data for previous CR1 stratum had similar results to those for the overall population (data not shown). The concordance between IRRP and investigator assessments of ORR was high (94.1%).
Other Secondary End Points
Secondary end points were significantly in favor of the Cloϩ Ara-C-treatment arm for EFS (HR, 0.63; 95% CI, 0.49 to 0.80; P Ͻ .01) and for 4-month EFS (37.7% v 16.6%; P Ͻ .01) in the overall patient population as well as in both randomization strata (Table 3 ; Figs 2C and 2D) . The median DOR, censoring for alternative treatment, was 7.6 months in the CloϩAra-C arm and 3.8 months in the Ara-C arm. By strata, the difference between treatment arms in the median DOR appeared greatest in the REL stratum (11.5 v 3.8 months). No formal comparison or statistical analyses were performed for DOR because an interpretation of arm comparison was complicated by different proportions of patients who achieved remission in each treatment arm.
Exploratory End Points
In the CloϩAra-C arm, 34 of 162 patients(21%) underwent HSCT after study treatment; comparatively, 30 of 158 patients (19%) in the Ara-CarmunderwentHSCT.Amongtransplantpatients,16%versus9% of patients were in remission after study treatments at the time of HSCT, respectively. Fewer patients in the CloϩAra-C arm (n ϭ 68 [43%]) received alternative antileukemic therapy before HSCT compared with in theAra-Carm(nϭ97[61%]).Amongthe64patientswhounderwentan HSCT, all but two patient received an allogeneic transplant. After treatment failure, 22% of patients in the CloϩAra-C arm and 46% of patients in the Ara-C arm received subsequent therapy.
Safety
The two arms had similar frequencies of grade 3 to 4 AEs regardless of causality (77% in the CloϩAra-C arm v 74% in the Ara-C arm), although the frequency of all grade treatment-related AEs was slightly higher in the CloϩAra-C arm than in the Ara-C arm (98% v 86%, respectively). The most common grade 3 to 4 nonhematologic AEs regardless of causality were febrile neutropenia, hypokalemia, and pneumonia (Table 4) . Grade 3 to 4 acute renal failure occurred in eight patients (5%) in the CloϩAra-C arm and in no patients in the Ara-C arm.
A greater proportion of patients in the CloϩAra-C arm had SAEs compared with in the Ara-C arm (60% v 49%, respectively). The total incidence of serious infections was higher in the CloϩAra-C arm than in the Ara-C arm (38% v 22%, respectively). In the CloϩAra-C arm, the most frequent infection SAEs were bacteremia (seven patients), sepsis (eight patients), pneumonia (13 patients), and septic shock (six patients). In the Ara-C arm, the most common infection SAEs were cellulitis (three patients), bacteremia (three patients), and pneumonia (12 patients).
Most skin and subcutaneous tissue disorders were grades 1 to 2; however, 15% of patients in the CloϩAra-C arm and 6% of patients (all grade 3) in the Ara-C arm experienced grade 3 to 4 skin and subcutaneous tissue-disorder AEs. Treatment-related palmarplantar erythrodysesthesia occurred in 33 patients (20%) in the CloϩAra-C arm (grades 1 to 3; grade 3, 6%) and two patients (1%) in the Ara-C arm (grades 1 to 2).
Deaths as a result of AEs occurred in 14.3% of patients in the CloϩAra-C arm compared with 5.2% of patients in the Ara-C arm, although deaths as a result of treatment related AEs occurred in 6.2% versus 1.9% of patients, respectively.
The all-cause 30-day induction mortality rate was 16% (25 of 161 patients) in the CloϩAra-C arm compared with 5% (eight of 155 patients) in the Ara-C arm (P Ͻ .01). Of the 25 CloϩAra-C patients who died within 30 days, five patients died as a result of disease progression, 19 patients died as a result of AEs, and the cause of death of one patient was unknown.
Among the 19 CloϩAra-C patients with fatal AEs, six patients died of sepsis-related AEs, three patients had acute respiratory distress/ failure, two patients had a cerebral hemorrhage, two patients had pneumonia, and one patient each had a pulmonary hemorrhage, subdural hematoma, renal failure, veno-occlusive liver disease, acute myocardial infarction, and toxic epidermal necrolysis. Among the eight Ara-C-arm patients who died within 30 days, three patients died because of disease progression, and five patients had a fatal AE (one patient each with a cerebral infarction, cerebral hemorrhage, multiorgan failure, Klebsiella sepsis, and cardiorespiratory arrest).
In the comparison of induction mortality, rates were higher in CloϩAra-C arms within each strata (REF, 16 .1%; REL, 14.9%) compared with Ara-C alone (REF: 3.7% and REL: 5.5%).
DISCUSSION
To our knowledge, this placebo-controlled, double-blind, randomized phase III CLASSIC I study was the largest completed phase III trial to date that involved older patients with R/R AML. In addition to the enrollment of patients older (median age, 67 years) than those included in most other AML trials, a large proportion of patients (CloϩAra-C arm, 45%; Ara-C arm, 43%) had primary refractory disease. These patients represent a population that is difficult to treat (as evidenced by CR rates that ranged from 4% to 63% and a median OS of 2.4 to 8 months in published studies), has limited treatment options, and for whom a survival benefit has not been previously demonstrated in randomized comparative clinical trials. [4] [5] [6] [7] [8] [9] [10] [11] With a median OS of 6.6 months in the CloϩAra-C arm and 6.3 months in the Ara-C arm, this study did not meet its primary end point of improved OS. However, our results fell within the higher end of the median OS (eg, 5.2 months for lintuzumab, 4 4.6 months for valspodar, 5 3.7 months for ozagamicin, 7 2.4 months for liposomal daunorubicin, 7 and 3.8 months for topotecan 7 ) reported in other studies of novel agents combined with Ara-C-based chemotherapy in this patient population. Moreover, CR and ORR rates were significantly higher with CloϩAra-C compared with Ara-C for the overall population and the randomization strata, unlike the rates reported in other large randomized studies in which statistically significant differences have not been observed. [4] [5] [6] [7] [8] [9] [10] [11] 25 This difference may be clinically significant because patients who are not in CR at the time of transplant have poorer outcomes compared with those in CR. CloϩAra-C (n ϭ 162) Ara-C (n ϭ 157) CloϩAra-C (n ϭ 88) Ara-C (n ϭ 83) CloϩAra-C (n ϭ 74) Ara-C (n ϭ 74) Abbreviations: Ara-C, cytarabine; CloϩAra-C, clofarabine plus cytarabine; CR, complete remission; CRi, complete remission with incomplete peripheral blood count recovery; IRRP, independent-response review panel; PR, partial remission; REF, primary refractory disease or first pretrial induction remission duration Ͻ 6 months; REL, first pretrial induction duration Ն 6 months.
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‫ء‬
Evaluable patients (n ϭ 319); one patient was removed because the duration of the first pretrial induction was unknown. †Comparison P value was calculated by using the Cochran-Mantel-Haenszel test and stratified by randomization strata (REF v REL). Within strata, the comparison P value was calculated by using Fisher's exact test.
‡PR was defined as follows: recovery of peripheral counts (platelets Ն 100 ϫ 109/L and absolute neutrophil count Ն 1.0 ϫ 109/L) and either a decrease Ն 50% in the percentage of leukemic blasts to 5% to 25% in the bone marrow aspirate or biopsy or a bone marrow aspirate or biopsy of Յ 5% leukemic blasts with Auer rods present.
In addition, other secondary end points, including overall and 4-month EFS, significantly favored the CloϩAra-C combination compared with Ara-C. Analyses of EFS eliminated the contribution of subsequent therapy after relapse, which may have obfuscated the OS analyses. A statistically significant difference in 4-month EFS was observed in the CloϩAra-C arm. Because HSCT is the only curative therapy for patients with R/R AML, the ability to achieve a sustained remission is a critical measure of therapeutic success for treatment regimens in this population. The 4-month EFS serves as a measure of sustained remission. Consistent with the higher EFS in the CloϩAra-C arm, more patients in the CloϩAra-C arm proceeded to HSCT directly after remission from the study treatment. This difference was particularly evident when the REL stratum wasexamined.
There were no unexpected toxicities associated with CloϩAra-C compared with the known safety profile of clofarabine monotherapy or the CloϩAra-C combination previously reported in the literature. 18, [20] [21] [22] [23] However, there were more toxicities in the CloϩAra-C arm than in the Ara-C arm. The 16% 30-day induction mortality rate in the CloϩAra-C arm was similar to that seen in earlier studies of this combination in various populations of patients with AML. 18, [20] [21] [22] [23] This early mortality rate for CloϩAra-C is in line with 8% to 32% rates reported for other combination regimens in this patient population. 25 The higher early mortality rate in the CloϩAra-C arm, a slight baseline imbalance in unfavorable karyotype and ECOG PS2, and the impact of subsequent therapy may explain why the doubling of the remission rate and the improvement in EFS did not translate into improved OS. The lower rate of early mortality in the Ara-C arm in this study raises the question of whether the combination regimen of CloϩAra-C may be too toxic for some patients or whether the most appropriate doses were selected for this relapsed/refractory elderly population. Future analyses of prognostic factors and risk determination for patient subgroups should provide important information for drug development and clinical practice.
The observation from this trial provides several lessons. Older patients with primary refractory disease or CR duration less than 6 months represent a disease biology that is difficult to impact with conventional chemotherapy combinations. Moreover, alternative therapy confounds the contributions of new induction regimens. Last, because the principle objective in AML is HSCT, EFS or 4-month EFS, rather than OS, should be considered a measure of clinical benefit in the evaluation of novel therapies for AML. Abbreviations: Ara-C, cytarabine; CloϩAra-C, clofarabine plus cytarabine; DFS, disease-free survival; DOR, duration of remission; EFS, event-free survival; HR, hazard ratio; N/E, not estimable; OS, overall survival; REF, primary refractory disease or first pretrial induction remission duration Ͻ 6 months; REL, first pretrial induction duration Ն 6 months.
Few other new agents are used in phase III clinical studies in patients with R/R AML. Recruitment is ongoing for the placebo-controlled VALOR (vosaroxin and Ara-C combinations evaluating OS in R/R AML) study. Unfortunately, the ACCEDE (amonafide plus Ara-C compared to daunorubicinplusAra-CinpatientswithsecondaryAML)phaseIIIstudy of the novel agent amonafide failed to meet its primary end point of ORR.
In conclusion, the CLASSIC I study did not demonstrate an improvement in OS; however, compared with Ara-C alone, the addition of clofarabine to Ara-C significantly improved ORR and EFS and allowed more patients to proceed to transplant in remission from study treatment. Study follow-up continues, and the role of clofarabine in the treatment of adult patients with AML is being investigated in other randomized trials. 
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